Background. It is unknown whether if a plain X-ray of the iliac arteries (pelvic X-ray) is a reliable tool to detect calcifications and predict vascular complications. Methods. In a prospective study, a pelvic X-ray was performed before transplantation in patients without evidence of peripheral vascular disease (n = 109) and vascular calcifications were scored. Vascular calcifications in the iliac arteries and complications were scored by the transplant surgeon during the operation (gold standard). Results. Vascular calcifications were found on the pelvic X-ray in 33 patients (30.2%). The transplant surgeon identified vascular calcifications in 35%. Sensitivity and specificity of the pelvic X-ray for vascular calcifications in the iliac arteries were 48 and 82%, respectively. Technical problems with the arterial anastomosis due to vascular calcifications were observed in five patients. The negative predictive value and positive predictive value of a pelvic X-ray for complications with the arterial anastomosis were 99 and 14%, respectively. Conclusions. A pelvic X-ray is not a reliable tool to detect vascular calcifications. Technical problems with the arterial anastomosis due to calcifications are infrequent in the absence of vascular calcifications on the pelvic X-ray.
Introduction
The prevalence of vascular calcifications in patients with end-stage renal disease is very high. In a study from Blacher et al., 66% of haemodialysis patients had vascular calcifications in the common carotid artery, abdominal aorta or in the iliofemoral vessels [1] . Goldsmith et al. found that the prevalence of vascular calcifications increased from 39% at the start of dialysis to 92% after 16 years of haemodialysis [2] . In a study from Hernandez et al., in 273 (24.4%) of 1117 renal transplant candidates, vascular calcifications were present on a plain abdominal or pelvic X-ray before renal transplantation [3] .
The presence of vascular calcifications in the iliac arteries might complicate or preclude the construction of a vascular anastomosis between the renal artery of the donor and the iliac artery of the recipient [4, 5] . In the study from Droupy et al., moderate to severe atherosclerosis of the iliac arteries was detected by the vascular surgeon in~108 renal transplant recipients (10%). In 38 of these patients, an additional endarterectomy was necessary to make the vascular anastomosis [4] . When vascular disease of the aorta, the iliac or femoral arteries is suspected, further evaluation by ultrasound and/or computed tomography (CT) or angiography is recommended [5] [6] [7] [8] . It is known from clinical observations and previous studies that severe vascular calcifications in the iliac arteries can also be present in patients with normal physical examination [4, 7] . A plain pelvic or abdominal X-ray is therefore used to detect vascular calcifications in the iliac arteries in many transplant centres in the Netherlands. No data exist about the accuracy of pelvic Xray in detecting vascular calcifications in the iliac arteries of renal transplant recipients. It is also unknown what the predictive value of vascular calcifications on a pelvic X-ray is for vascular complications in renal transplant recipients (e.g. problems with or impossibility to make a vascular arterial anastomosis). We therefore analysed in a prospective cohort study the accuracy and predictive value of a plain pelvic X-ray for vascular calcifications in the iliac arteries (detected by the vascular surgeon) and vascular complications in asymptomatic renal transplant recipients without clinical evidence for peripheral vascular disease. Patients with symptomatic peripheral vascular disease were excluded from the study because further evaluation by echo-Doppler or CT is always done in these patients. the transplant surgeon. Exclusion criteria for the study were clinical evidence for peripheral vascular disease (claudication, absence of femoral artery pulsations, an abdominal aortic aneurysm or major vascular surgery in the history). These patients were excluded from the study because extensive vascular evaluation is always done in these patients. The study was approved by the medical ethical committee of the University Medical Centre Radboud Nijmegen. Before inclusion in the study, written informed consent was given by all patients.
In all patients, a supine view of the pelvis in anteroposterior direction (pelvic X-ray) was performed within 2 weeks for the renal transplantation. These conventional radiographies were executed on an Axiom Aristos FX system (Siemens Medical Solutions, Forchheim, Germany). The pelvic X-rays were judged by three independent researchers (HD, AH and JA) by a standardized scoring system.
Scoring of vascular calcifications on plain pelvic X-ray
All linear (media) vascular calcifications in the region of the iliac arteries were scored (no calcifications-moderate calcifications-severe calcifications). Isolated patchy calcifications were excluded because they could be confounded with extravascular calcifications like pheboliths. The left and right side were scored separately. The researchers further scored the quality of the X-ray based on complete image, sharpness, contrast (goodmoderate-bad) and whether coprostasis was present or not (yes or no). The researchers were blinded for the clinical data of the patients. The final score was based on the mean of the three scores. Vascular calcifications were only considered when at least two of the three researchers described vascular calcifications.
Scoring of vascular calcifications and complications with the arterial anastomosis by the vascular surgeon
During the operation, the transplant surgeon scored the calcifications in the iliac arteries on the side of the implantation of the kidney (no calcifications-moderate calcifications-severe calcifications). The severity of the calcifications was defined as follows:
(i) severe calcifications: problems with clamping of the artery or making of the anastomosis due to vascular calcifications (ii) moderate calcifications: calcifications visible/palpable in artery but no consequences for procedure
To make clear that we only counted vascular calcifications that were visible or palpable for the vascular surgeon, we will use the term 'palpable vascular calcifications' to describe vascular calcifications detected by the vascular surgeon. The transplant surgeon further noted all technical problems with the arterial anastomosis and clamping of the arteries, vascularization of the kidney and all other perioperative vascular complications. The results from the plain pelvic X-ray were blinded for the transplant surgeon.
Follow-up after transplantation
After the transplantation, the following data were collected to detect complications that could be related to the operative procedure: delayed graft function (defined as the use of dialysis in the first week after transplantation), haemorrhage within 5 days of transplantation (defined as the necessity of the transfusion of two or more packed cells), transplantectomy within 5 days of transplantation and arterial or venous thrombosis of the renal arteries. We further collected data about renal function (creatinine at 3 months, 1 year and 2 years after transplantation) and data about graft failure and patient death.
Risk factors for vascular calcifications and complications
We compared patients with and without vascular calcifications and analysed whether if there were differences in baseline characteristics and in the incidence of vascular complications. We further divided the patients in a high-risk and low-risk group and analysed the incidence of calcifications and complications in both groups. All patients with one of the following risk factors were defined as high-risk patients: age >55 years, diabetes or history of cardiovascular disease. All other patients were defined as low-risk patients.
Statistical analysis
Differences between groups were analysed with Pearson's chi-square test or Fisher's exact test for categorical data and Student's t-test or the MannWhitney U-test for continuous data. The inter-observer variability for the detection of vascular calcifications on a pelvic X-ray was analysed. We further calculated the sensitivity, specificity, and the positive and negative predictive value of vascular calcifications on a pelvic X-ray for the presence of palpable vascular calcifications (the calcification score of the surgeon was used as the gold standard) and the occurrence of complications with the arterial anastomosis due to calcifications. Statistical analysis was performed with SPPS 16.0. A P-value of <0.05 (two-sided) was considered significant.
Results
In the study period, 135 patients underwent a renal transplantation. One hundred and nine patients were included in the study. Twenty-six were not included in the study (four patients were excluded because of clinical evidence for peripheral vascular disease, and in 22 patients no informed consent was given or data were incomplete). The baseline characteristics of the patients are given in Table 1 .
Vascular calcifications on pelvic X-ray
The quality of the pelvic X-ray was defined as good in 90 cases (83%) and moderate in 19 cases (17%). In overweight patients [BMI ≥25 kg/m 2 (n = 41)], the quality of the X-ray was significantly more often defined as moderate compared to patients with normal weight [BMI <25 kg/m 2 (n = 68)] (moderate quality in 26.8 versus 11.8%, respectively, in overweight patients and those of normal weight, P < 0.05). Coprostasis was found in 19 cases (17%).
In 33 patients (30.2%), vascular calcifications in the iliac arteries were found on pelvic X-ray in one or both sides. Twenty-six patients (23.8%) had vascular calcifications in both iliac artery regions. Nine patients (8.3%) had severe vascular calcifications in the region of the left iliac arteries and eight patients (7.3%) had severe vascular cal- The baseline characteristics of patients with and without vascular calcifications on the pelvic X-ray are given in Table 2 .
Inter-observer variability
Agreement between the different researchers was 90.5% between JA and AH, 78.5% between researcher JA and HD and 85% between researcher AH and HD. When only the presence or absence of vascular calcifications was scored (yes/no), agreement between the three researchers was 93.6% between JA and AH, 86.7% between JA and HD and 87.2% between AH and HD.
Vascular calcifications (during operation)
The operations in the study were performed by six different vascular surgeons [median number of operations = 16 (range 6-37)]. They all used the previously mentioned scoring system and the surgical technique was the same for all surgeons. One surgeon significantly more often scored moderate palpable vascular calcifications compared to the other five surgeons. Between the other five surgeons, no significant differences in calcification score were present. No significant differences in outcome were found between the six vascular surgeons. In 35 patients (32.1%), the transplant surgeon detected palpable vascular calcifications in the iliac arteries during the operation. Fifty patients received a kidney on the left side (in 43 patients an end-to-side anastomosis with the external iliac artery and in seven patients an end-to-side anastomosis with the common iliac artery was made). Sixteen patients had palpable vascular calcifications in the left external iliac artery and/or in the left common iliac artery. Fifty-nine patients received a kidney on the right side (in 51 patients an end-to-side anastomosis with the external iliac artery and in eight patients an end-to-side anastomosis with the common iliac artery was made). Nineteen patients had palpable vascular calcifications in the right external iliac artery (severe calcifications in two patients) and/or in the right common iliac artery.
Sensitivity and specificity of a pelvic X-ray for the detection of vascular calcifications in the iliac arteries Agreement between the pelvic X-ray and the findings of the surgeon was 70% [presence of calcifications (yes/ no)]. Sensitivity and specificity of a pelvic X-ray for the detection of palpable vascular calcifications was 48 and 82%, respectively. The positive and negative predictive value of a pelvic X-ray for the detection of palpable vascular calcifications in the iliac arteries was 55 and 76%, respectively ( Table 3 ). The positive predictive value of severe calcifications on the plain pelvic X-ray was 78%.
In overweight patients, sensitivity of the pelvic X-ray was only 21% with a positive predictive value of 33%.
Vascular complications
In all patients, it was possible to make an arterial anastomosis with the external iliac artery or the common iliac artery. In nine patients (8.2%), the transplant surgeon had problems with the construction of the arterial anastomosis. In five of these patients (4.6%), the difficulties were due to significant vascular calcifications in the iliac arteries. Two patients had a rupture of the iliac artery after clamping because of severe calcifications. In one of these patients, an endarterectomy had to be performed and a new arterial anastomosis had to be made. This kidney never functioned and had to be removed due to arterial thrombosis. In two patients, it was difficult to clamp the iliac artery because of calcifications, but there were no further complications. In one patient, clamping of the iliac artery Does a plain X-ray of the pelvis predict arterial complications in renal transplantation? A prospective study 2009 was difficult because of vascular calcifications, and a new arterial anastomosis had to be made because of ongoing bleeding. Four of the five patients had a functioning kidney transplant 2 years after the transplantation. All perioperative and post-operative complications in patients with calcifications and without calcifications on the pelvic X-ray are given in Table 4 . Significantly more technical problems with the arterial anastomosis due to calcifications occurred in patients with calcifications on the pelvic X-ray. Differences in the other complications were not statistically significant. Two patients with a thrombosis of the renal artery and one with thrombosis of the renal vein lost their kidney. In one patient with a thrombosis of the renal artery, a new anastomosis was made after thrombectomy and vascularization of the kidney was restored.
Predictive value of vascular calcifications on the pelvic X-ray for technical problems with the arterial anastomosis due to calcifications Twenty-nine patients had calcifications on the pelvic X-ray on the side of the kidney transplantation (in nine patients severe calcifications were found). In four patients with vascular calcifications on the pelvic X-ray, the surgeon had problems with the arterial anastomosis due to vascular calcifications. In one patient without vascular calcifications on the pelvic X-ray, a technical problem with the arterial anastomosis related to vascular calcifications was observed. The sensitivity and specificity of vascular calcifications on a pelvic X-ray for complications with the arterial anastomosis due to vascular calcifications was 80 and 76%, respectively. The negative predictive and positive predictive value of vascular calcifications on a pelvic X-ray for vascular complications due to vascular calcifications was 98.8 and 13.8%, respectively (Table 5) .
Characteristics of patients with palpable vascular calcifications in the iliac arteries
The baseline characteristics of patients with and without vascular calcifications detected by the vascular surgeon are given in Table 6 . Patients with palpable vascular calcifications in the iliac arteries significantly more often had diabetes, a history of TIA or stroke, and a prior parathyroidectomy. There was a trend to a higher age and more hypertension in patients with palpable vascular calcifications.
Vascular calcifications and complications in high-risk patients
Fifty patients (45.8%) were defined as high-risk patients (age ≥55 years, diabetes or history of cardiovascular disease). The incidence of vascular calcifications on the pel- vic X-ray was significantly higher in high-risk patients compared to low-risk patients (50% in high-risk patients compared to 13.6% in low-risk patients, P < 0.001). The incidence of palpable vascular calcifications found by the surgeon was also significantly higher in high-risk patients compared to low-risk patients (respectively 42% compared to 24%, P < 0.05). Agreement between the pelvic X-ray and the findings of the surgeon in high-risk patients was 66%. All technical problems due to vascular calcifications (n = 5) occurred in high-risk patients.
Renal function and graft and patient survival
There was no difference in graft and patient survival between patients with and without palpable vascular calcifications in the iliac arteries (1-year graft and patient survival, respectively, for patients with and without vascular calcifications was 94 versus 97% and 97 versus 98%).
There also was no significant difference in renal function after transplantation between patients with and without palpable vascular calcifications (serum creatinine at 1 and 2 years after transplantation was 130 ± 38 versus 136 ± 49 μmol/L and 131 ± 41 and 146 ± 56 μmol/L, respectively).
Discussion
In a prospective cohort study, we analysed the predictive value of a pelvic X-ray in renal transplant candidates for palpable vascular calcifications and complications. In this study, the incidence of palpable vascular calcifications in patients without clinical evidence for peripheral vascular disease was high. In a subgroup of high-risk patients, palpable vascular calcifications were detected during operation in >40% of the patients. This is in agreement with previous studies [3, 9, 10] . In the study from Andres et al., 33 out of 114 high-risk patients had severe vascular calcifications in the iliac arteries on CT angiography. These 33 patients were excluded from transplantation [10] . In contrast with the conclusions from Andres et al., technical problems with the arterial anastomosis due to vascular calcifications were only found in a minority of the patients in our study. We found no other studies that specifically analysed the incidence of technical problems with the arterial anastomosis due to calcifications, but the incidence of major vascular complications leading to early graft loss is between 1 and 3% in most studies [11, 12] . Although we performed no CT in our patients, our results challenge the conclusion that diffuse calcifications on CT justify exclusion from transplantation. On the other hand, one patient in our study without obvious peripheral vascular disease lost his kidney due to technical problems with the arterial anastomosis due to vascular calcifications. It is therefore important to know whether screening with a simple pelvic X-ray could be helpful in preventing these severe complications.
It was demonstrated that a pelvic X-ray is not a reliable tool to detect palpable vascular calcifications in the iliac arteries. Both the sensitivity and positive predictive value are around 50%. As far as we know, no other studies analysed the predictive value of a plain pelvic X-ray for the detection of palpable vascular calcifications in the iliac arteries. The low sensitivity and positive predictive value might be related to misclassification due to over-projection of other structures and overweight. The quality of the pictures was defined to be lower in overweight patients, and in accordance with this finding, sensitivity and the positive predictive value of a pelvic X-ray was lower in overweight patients. The inter-observer variability also shows that it is sometimes difficult to detect vascular calcifications. It can also be related to our gold standard (detection of vascular calcifications by the transplant surgeon during the operation). Detection of vascular calcifications by the transplant surgeon might not be the most precise method to detect calcifications and some calcifications could have been missed. Although high-resolution helical CT is probably the most sensitive method to detect vascular calcifications, it does not give direct information about the relevance of the calcifications for the operative procedure. In our study, we were interested in the detection of vascular calcifications that might cause problems during the operation (e.g. problems with clamping of the artery or making of the arterial anastomosis). Although we have to admit that our gold standard is not perfect, we think it is the best way to answer our study question. We therefore think it is justified to use this gold standard. In the literature, CT or Doppler ultrasound is recommended to detect vascular calcifications [3, 7] . As far as we know, no studies have evaluated the sensitivity and positive predictive value of CT or Doppler ultrasound for the detection of vascular calcifications in the iliac arteries and the occurrence of complications with the arterial anastomosis.
Not surprisingly, calcifications on a pelvic X-ray were also not a reliable predictor for complications with the arterial anastomosis due to vascular calcifications. The positive predictive value for complications of vascular calcifications on an iliac X-ray was only 13.8%. On the other hand, the negative predictive value of an iliac X-ray for technical problems with the arterial anastomosis was very high (99%).
Patients with palpable vascular calcifications were significantly older, had significantly more often diabetes, had more often undergone a parathyroidectomy and had more cardiovascular risk factors. This is in accordance with the previous study of Hernández et al. [3] . Another important finding was that all technical problems with the arterial anastomosis occurred in high-risk patients (age ≥55 years, diabetes mellitus or history with cardiovascular disease). We therefore conclude that additional studies are not necessary in low-risk patients but might be useful in high-risk patients. In high-risk patients with vascular calcifications on a pelvic X-ray, a tailored low-dose non-enhanced CT of the pelvis might be helpful to identify zones of the iliac arteries without calcifications. Further research will be necessary to study whether this approach will decrease the incidence of vascular complications.
In contrast to several other studies, no difference in patient survival between patients with and without palpable vascular calcifications was found [3, 13] . This is probably due to the relatively short follow-up of 2 years and to the exclusion of patients with peripheral vascular disease. In Does a plain X-ray of the pelvis predict arterial complications in renal transplantation? A prospective study 2011 the KDIGO CKD-MBD guideline, it is suggested that a lateral abdominal radiograph can be used to detect vascular calcifications and that patients with CKD stages 3-5D with vascular calcifications should be considered to be at highest cardiovascular risk [14] . Although we did not find a difference in survival between patients with and without palpable vascular calcifications, our study did clearly show that a plain pelvic X-ray in asymptomatic renal transplant candidates is not a reliable tool to detect palpable vascular calcifications in the iliac arteries.
In conclusion, a pelvic X-ray is not a reliable tool to detect palpable vascular calcifications in the iliac arteries of renal transplant candidates and does not reliably predict the occurrence of technical problems with the arterial anastomosis due to vascular calcifications. Despite the high incidence of vascular calcifications, the incidence of technical problems due to calcifications was low and was restricted to high-risk patients. The use of a pelvic X-ray to detect palpable vascular calcifications is therefore not recommended as a screening tool in all renal transplant candidates, but can probably be helpful in high-risk patients. Based on our results, we no longer make a pre-operative pelvic X-ray in asymptomatic renal transplant candidates with normal arterial femoral pulses.
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